Protein-calorie malnutrition is one of the most important health problems in developing countries and contributes substantially to morbidity and mortality in children.
There is no empiric evidence from Pakistan to support or negate such an argument. The primary goal of the present paper is to identify important risk factors for stunting and to assess whether the female population contributes importantly to the persistent high prevalence of malnutrition.
Methods

Geographical and subject characteristics
We conducted a baseline survey in 64 villages of lower rural Sindh, Pakistan as a part of School Nutrition Program funded by the Norwegian Agency for International Development and the World Bank. Sindh is one of the four provinces of Pakistan and home to 25 million people, representing 23% of the country's total population. Sindh province is divided into 18 administrative districts. We conducted the study in four districts: (i) Thatta; (ii) Badin; (iii) Mirpur Khas; and (iv) Tharparkar. The climate of the study area is hot and humid. Both arid and irrigated areas are found. In arid areas land is dry, with no river or natural sources of water and people generally work in industries and services, while in irrigated areas people cultivate parts of their food supply. Most crops are immediately sold to middlemen. Nonavailability of safe drinking water is one of the major problems in the area. Villages consist generally of several clusters of 25-35 houses belonging to one extended family. The major criteria for selection of the villages was poor enrollment of female children in schools as compared to other areas in the province and being remote from major urban centers.
Study design and sample selection
This was a cross-sectional study. A village profile study was done with the help of trained field organizers to enumerate the total number of households in each of the villages and the total number of members currently living in each of the households. The list of households in each of the villages was used as a sampling frame. Assuming a 95% level of confidence, an estimated prevalence of wasting of 22% and a mean error of ±2, and a sampling design effect of two (expected differences within districts), we needed approximately 2000 children. The average number of children under 3 years in each household was found to be two in one of the districts in a previous survey.
14 Thus, we planned to approach 1000 households to obtain a calculated sample of 2000 children under 3 years of age. To select the households from each village, a map of the village with important landmarks was prepared. A landmark in each of the villages was randomly selected serving as the starting point. In each of the starting points a bottle was rotated and households in the direction of the open end of the bottle were visited. We included all children less than 3 years in the selected household in our survey.
Subjects, procedures and methods
A door-to-door survey was then conducted and trained field workers visited each family. In each village the representatives of parents welcomed the survey team and arranged volunteers to help the field team to conduct the survey. The child's mother (97% of interviews) or close relative answered the survey questions after verbal informed consent was obtained.
The variables used to indicate household economic status were as follows: (i) the total monthly income of the family in local currency; (ii) the primary occupation of the father of the children at the time of the survey; and (iii) the total amount of land owned by all members of the household.
The environmental factors of children were assessed by the housing structure of the family. The housing structures were divided into two categories. Houses made of mud, mud and stone, or mud and wood, or stone and mud were called 'kutcha houses', compared to 'pucca houses' made of concrete. Another assessment was overcrowding, that is, more than three persons per room, and the number of siblings in the household.
The knowledge and health-seeking behavior of the mother were assessed by: (i) education of the mother in terms of years of secular schooling; (ii) introduction of weaning food at appropriate time (4-6 months of child age); (iii) use of colostrum; (iv) breast-feeding; (v) immunization status of children; and (vi) use of oral rehydration solution (ORS) during diarrhea.
The morbidity status of children was assessed by: (i) history of diarrhoea in the last 2 weeks; and (ii) pus coming out of ears in the last 2 weeks. Immunization status of each child was assessed with the help of the immunization card issued to the mother by the area vaccinator and by recording the immunization history from the mother. Field workers trained to use scales and measuring boards made anthropometric measurements. The bodyweight of children, who were lightly clad and without shoes, was measured with a portable 25 kg spring balance Salter Scale (Salter England, West Bromwich, United Kingdom) to the nearest 0.1 kg. These scales were calibrated daily using a standard 20 kg weight. The recumbent length of children <2 years of age and the standing height of older children was measured to the nearest centimeter using portable height scales locally manufactured by Pakistan Medical and Research Council for anthropometrics. Birth certificates were not available in these remote villages. We conducted a focus group discussion with parents in each district to find out means for accurate estimation of birth dates. As a result, a relevant local events chart was constructed listing important events that had occurred in the past 3 years to help the mother to estimate the actual age of the child.
Data collection and statistical analysis
The questionnaire data were precoded where possible for ease and accuracy of collection. The data were double checked for obvious errors of translation before entry into the computer database. The data were then entered into the computer using dBase III plus software (Borland Software, California, USA). The height and weight measurements were expressed as the percentages of a reference median and as standard deviation scores for height-for-age, weight-forheight, and weight-for-age using a statistical program based on the National Center for Health Statistics standards. 15 We defined underweight as the percentage of children whose weight-for-age was two standard deviations or more below the mean of the reference population, wasting as the percentage of children whose weight-for-height was two standard deviations or more below the mean of the reference population, and stunting as the percentage of children whose height-for-age was two standard deviations or more below the mean of the reference population. The analysis of the anthropometric information was made in Epi-info (Center for Disease Control, Stone Mountain, Georgia, USA). 16 We calculated odds ratios in the univariate analysis and considered variables that were significant at alpha=0.15 in this analysis for further evaluation in the multivariate analysis. Analysis was completed using the Statistical Package for the Social Science software (SPSS, Chicago, IL, USA).
Results
We approached 1000 households and families in 910 households consented to participate in the study. Out of the total 1878 children, 997 (53%) were boys. The mean age of children was 22.7 months. The majority of the mothers (81.6%) had not been to a formal school. The mean monthly income of father was 1976 Pakistani rupees (US $40). Among the children examined, 1060 (56%) were stunted, 483 (26%) were wasted and 259 (15%) were both wasted and stunted. A total of 1211 (64.5%) were found to be under weight (weight-for-age below -2 standard deviations (SD) from the reference median value).
When examined by age, there was a steady increase in the prevalence of stunting until the age of 24 months. Beyond that age, more boys exhibited stunting than girls (Fig. 1) . Further analysis showed that 277 (64.3%) boys and 240 (62.8%) girls were stunted beyond the age of 24 months but the difference was not significant (odds ratio (OR)=0.94, 95% confidence interval (CI) 0.71-1.25).
Children who were stunted were more likely to live in a house with more than three people per room, have a poor structure (made of mud rather than concrete), father with a monthly income of less than 1000 Pakistan rupees (US $20), mother with no formal education, and have not completed their routine immunization status (Table 1) .
We entered education first, in a stepwise multiple logistic regression model, as one of the important variables. Stunted children were 1.27 times more likely to have mothers with no formal education, compared with non-stunted children whose mother had some level of formal education (Table 2) . Children who were stunted were 1.44 times more likely to live in an overcrowded house. Stunting was also significantly associated with poor income of father (less than US $20 per month). Even when sex status was forced into the model, there was no significant association between female sex and stunting (OR = 1.04, 95% CI 0.86-1.25).
Discussion
A little over half (56%) of the children under 3 years of age were stunted. There was a very high prevalence of stunting among the children, as compared to wasting (25%), suggesting that the nature of malnutrition is chronic and of long duration. Comparison with global estimates showed that the prevalence of stunted and wasted children in this area was far higher than many regions in Eastern Asia, Latin America, and parts of Africa. 17 The prevalence of stunting among preschool children reported from other areas of South Asia varied between 45 and 50% at maximum. 18, 19 The result of this study also showed that the nature of stunting in children varied with age ( Fig. 1) . It increased from 30% at 6 months to 60% at 24-30 months.
We did not find a significant sex difference in the prevalence of stunting as has been noted among children in rural South India and rural minority areas of China. 18, 20 Thus, the prevalent belief that in rural Pakistan parents pay special attention to male children and do this at the expense of Stunting among children in rural Pakistan 51 female children is not supported by these data. One of the limitations to this conclusion might be the cross-sectional design of the study. There were more boys (53% vs 47%) in our sample and this may be attributed to a higher mortality rate in girls. This differential mortality might be due to other childhood killers such as diarrhea and acute respiratory tract infection. Fauvea et al. noted 1.8-fold more deaths among female children aged 0-4 years in rural Bangladesh and attributed this excess female mortality to diarrhea and malnutrition. 21 We did not find a significant difference in the prevalence of diarrhoea among girls compared to boys (53% vs 49%, P < 0.07) in a separate analysis (not shown in the result section).
In the present study, education of the mother was an important risk factor for stunting. Education could be related to increased productivity, better methods of infant feeding and use of health-care facilities. This finding has been supported by other studies from developing countries. 22, 23 Children living in overcrowded houses were found to be at risk of stunting, a finding supported by other studies. 24, 25 Overcrowding could be attributed to the facilitated spread of infections. There are chances of increased incidence of infections transmitted by the fecal-oral route and lack of curative and supportive care may lead to longer duration or increased severity of infections such as lower respiratory tract infection. This burden of infection in overcrowded houses may lead to linear growth failure. A significant relationship was also found between the income of family and stunting. Poor economic condition and lack of resources may have contributed to the high rate of stunting in this population. A study carried out in the rural minority areas of neighboring China also had similar findings. 20 Crowding could be another measure of income, or it might independently increase the risk of communicable diseases, which could increase the risk of stunting.
We used NCHS/CDC reference population to define stunting and the possibility that racial factors may have also contributed to the high rate of stunting. This factor cannot be ruled out.
In the present study, misclassification of children could have resulted based on age as birth certificates were not available; however, this would occur equally in boys and girls. Complete immunization status could be an underestimate because some of the mothers had no immunization records and this status was assessed by history.
The present study shows that important risk indicators for stunting in rural Pakistan are maternal education, poor income and overcrowding. We did not study differential caloric distribution by sex, but our study findings suggest that it is not a child's sex, but the family's poverty that is most closely related with stunting. Families should focus on educating daughters along with additional efforts aimed at reducing poverty.
